In vitro experiments led to a simple model in which basal transcription factors sequentially assembled with RNA Polymerase II to generate a preinitiation complex (PIC). Emerging evidence indicates that PIC composition is not universal, but promoter-dependent. Active promoters are occupied by a mixed population of complexes, including regulatory factors such as NC2, Mot1, Mediator, and TFIIS. Recent studies are expanding our understanding of the roles of these factors, demonstrating that their functions are both broader and more context dependent than previously realized.
Introduction
In vitro studies have shown that transcription initiation by RNA polymerase II (RNApII) minimally requires the basal initiation factors TFIIA, TFIIB, TFIID, TFIIE, TFIIF, and TFIIH [1,2]. These so-called general transcription factors (GTFs) mediate promoter recognition and unwinding, and together with RNApII and promoter DNA comprise the preinitiation complex (PIC). Given the strong conservation of RNApII and its initiation factors over evolution, it is rather surprising that no single DNA sequence element is found at all promoters [3 ] . This implies that there must be multiple modes of promoter recognition, which in turn leads to two corollaries. First, there are likely to be multiple types of PICs (see Figure 1 ) and second, that the GTFs may not be 'general' in their functions. For this reason, we will refer to the initiation factors as 'basal' rather than 'general' transcription factors (Table 1) .
Different pathways to basal promoter recognition
Early studies identified the TATA element as a common basal promoter element. This sequence is recognized by the TATA-binding protein (TBP) subunit of TFIID, the first basal factor to engage the promoter. Indeed, TBP can support basal transcription in vitro without any of the other TAF subunits. However, as attention expanded beyond a small set of strong promoters it became clear that many promoters do not have a recognizable TATA element. Other basal elements identified include the downstream promoter element (DPE), TFIIB recognition elements (BREs), and the initiator element (INR) [4] . Any given promoter may have one or more of these elements, but rarely are they all seen together. The other subunits of TFIID (the TBP-associated factors or TAFs) appear to interact with INR and DPEs. Besides promoter elements, specific chromatin modifications may play a role in basal factor recruitment. Recent work suggests that at some promoters, trimethylation at the lysine 4 residue of histone H3 stimulates binding of TFIID [5 ] . Surprisingly, TAF1 promoter occupancy and gene expression levels correlate at only 75% of genes [6] , casting doubt upon the simple assumption that TFIID binding necessarily leads to transcription.
In higher eukaryotes, there are multiple genes encoding TBP-related factors (TRFs) and variant TAFs [1, 7] . It is presumed that these subunits change the promoter specificity of the different TFIID variants, a model consistent with the fact that many of them are expressed in specific cell types or developmental stages. Deato et al. characterized a particularly striking example of TFIID variation [8 ,9 ] . They showed that differentiated muscle cells have very low levels of canonical TFIID and instead found that several muscle-specific genes instead utilize a complex consisting only of the TBP-like protein TRF3 and TAF3. TRF3 is also necessary for development of the hematopoietic lineage in zebrafish, where it activates key differentiation genes [10 ] . It will be necessary to further characterize the DNA binding properties of the different TFIID variants to see if their gene specificity is tied to specific promoter elements. Alternatively, they could be targeted using specific upstream activators or somehow compete with each other for similar sequences.
Another mechanism for delivering TBP may be via the SAGA complex, a factor better known as a histone acetyltransferase complex that is recruited to upstream activating sequences [11, 12] . Both genetic and co-immunoprecipitation experiments suggested an interaction between SAGA and TBP [13, 14] , but a stable complex has not been isolated. However, recent crosslinking experiments support a direct interaction between the Spt3 subunit of SAGA and TBP in vivo [15 ] . SAGA and TFIID have several subunits in common and are somewhat similar in overall shape [16, 17] , suggesting they may have evolved from a common ancestor. Gene expression studies in Saccharomyces cerevisiae mutants indicate that 10% of genes are dependent upon SAGA rather than TFIID for expression [18] . Interestingly, highly inducible genes with clear TATA boxes tend to be SAGAdependent while TFIID appears to be preferentially used at housekeeping genes without recognizable TATA sequences [19] .
The expanding PIC
The minimal set of basal factors does not respond to activators and is insufficient for transcription of chromatin templates, a finding that led to the discovery of a multitude of co-activators and chromatin-modifying complexes. To help define factors directly associated with the basal transcription machinery, a proteomics study of S. cerevisiae PICs was performed to find factors dependent upon TBP for promoter association. Most known components of the RNApII transcription machinery were found, as well as several novel components [20] . A new subunit of basal factor TFIIH (Tfb5) was discovered, and this protein is necessary for efficient transcription initiation and transcription-coupled repair (TCR) [21, 22] . Surprisingly, PICs also contained the elongation factor TFIIS (discussed below) [23 ] . In vitro studies of PIC assembly have been complemented by chromatin immunoprecipitation coupled with DNA microarray hybridization or deep sequencing (ChIP-ChIP or ChIPSeq). As expected, basal factors are greatly enriched at active promoters [24 ,25] , although the correlation is not perfect [6] . Importantly, other factors such as TFIIS, NC2, and Mot1 also show correlation between promoter occupancy and transcription activity (discussed below).
In vitro assembly and in vivo crosslinking experiments have led to suggestions that different promoters utilize distinct subsets of basal factors, or that factors that inhibit transcription are paradoxically found in PICs and must therefore act positively. However, it should be noted that both of these experimental approaches analyze a complex mixture. Just because two factors both bind to immobilized templates or crosslink to the same promoter in vivo, this does not necessarily mean they are present at the same time in the same complex. Multiple complexes are dynamically assembling and disassembling, so promoters may be enriched for certain basal factors because of different rate limiting steps in PIC assembly. Transcription inhibitors may be present at promoters in complexes that are not on the reaction pathway to productive transcription.
Mediator in activator-independent transcription
The Mediator complex was isolated as a co-activator that bridges regulatory factors and the basal machinery to allow high levels of activator-dependent transcription [1, 26] . However, mounting evidence suggests that Mediator also contributes to basal (activator-independent) transcription, leading to a debate about whether Mediator should be classified as a GTF [27] [28] [29] [30] [31] [32] [33] . Some genomewide location analyses in S. cerevisiae and S. pombe found Mediator upstream of almost all active genes and some inactive genes [34, 35] , but under different growth conditions Mediator did not localize to many active To explain the apparent paradox of inhibitory complexes binding to active promoters, it has been proposed that these repressors (particularly Mot1) displace TBP from cryptic TATA sequences or other inappropriate genomic locations in order to make it available to weaker promoters [62, 63, 68] . Several recent reports support this model. NC2 alters the conformation of the TBP/DNA complex, allowing it to slide along DNA away from TATA boxes [69 ] . TBP mutants with decreased ability to form PICs suppress the gene expression defects seen in a mot1 mutant [70 ] . FRAP experiments show that the rapid exchange of TBP associated with chromatin is dependent upon Mot1 [71] .
Further supporting the promoter redistribution model is the observation that basal promoter sequence strongly affects response to the repressors. In yeast, NC2 and Mot1 repress TATA-containing and activate TATA-less promoters [62, 72, 73 ]. In metazoans, NC2 binding is antagonized by the presence of INR [74 ] and BREs [66 ,75 ] . In Drosophila extracts, NC2 stimulates transcription from DPE-containing promoters, but represses TATA-containing promoters [76] . Manipulation of TBP, Mot1, and NC2 levels in vivo also show opposing effects on TATA versus DPE promoters, leading to the suggestion that NC2 and Mot1 stimulate DPE-dependent transcription by removing TBP from these promoters [77 ] . The exact biochemical function of Mot1 and NC2 in this context remains unclear but one interesting possibility to be explored is whether removal of TBP could allow binding of alternative TBP-related factors or TAF complexes to these promoters.
In addition to facilitating transfer of TBP between promoters, NC2 and Mot1 could upregulate expression by displacing transcriptionally inactive forms of TBP from promoters. A dynamic exchange of positive and negative complexes may allow a rapid response to physiological signals [65 ,73 ] . ChIP experiments at Mot1-dependent promoters show reduced PIC assembly despite increased TBP levels following loss of Mot1 function [78] . NC2 mutants show similar decreases of PIC components at active promoters, although its unclear if the mechanism is related to the removal of inactive TBP from these promoters [79] . Recent RNA sequencing studies have shown that most eukaryotic promoters produce the expected transcripts but also a set of short unstable transcripts synthesized in the opposite direction [80 -83 ] . This suggests that basal promoter regions often contain multiple TBP-binding sites or are largely bidirectional [84 ] . It has recently been shown that Mot1 can remove TBP bound in the 'wrong' direction to free the promoter for productive TBP binding [85 ] .
Of course, it remains possible that NC2 and Mot1 directly participate in PIC formation. Although these repressors are not typically found in complexes with basal factors other than TBP, ChIP experiments suggest Mot1 can cooccupy promoters with TFIIB and Pol II under heat stress conditions [64] . Mot1 acts in conjunction with SAGA to remodel chromatin at the Gal1 promoter [86] and can physically interact with Mediator and several other chromatin remodeling complexes [87] . Although these observations are not easy to reconcile with structural studies, future experiments may reveal new surprises.
Conclusion and future prospects
It is becoming increasingly clear that transcription initiation at basal promoters is not a simple linear reaction. Recent genome and proteome scale analyses of active promoters implicate multiple factors that can both positively and negatively regulate initiation. Assembly pathways may be branched with several non-productive complexes leading to transcription inhibition. In the future it will be important to consider the dynamics of PIC assembly, since chromatin immunoprecipitation and proteomic studies do not provide temporal resolution for distinguishing multiple complexes that can occupy promoters in a population of cells. While non-basal factors such as TFIIS, NC2 and Mot1 are found at most promoters in vivo, loss of function only affects a small subset of genes. Progress is being made in defining the promoter sequences that determine responsiveness. As there appear to be many varieties of basal sequence elements, it will not be surprising to find heterogeneity in the factors present. ] demonstrate that the loss of TFIID and its replacement by the novel TAF3/TRF3 core promoter complex is required for activation of MyoD responsive genes and the differentiation of muscle cell precursors into myotubes.
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